PCT 



WORLD INinXECIUAL VkOfOCTf OROANIZATION 




(n) iBtenntfanal PMcnt Oa 


Blficatloii^: 


Al 


(11) Intenntliiiial Publkatioii Number: WO 97/48345 


A61B 17/39 




(43) Intermtkma) Publication Date: 24 December 1997 (2AA2SI) 



(21) Intanatfonal Application Nnmbcn PCT/GB97ypi631 

(22) Intcmatkmal Fffing Date: 17 Jisie 1997 (17J06J^ 



(30)Pricir$y. 



GB 



an Applicant (fir aU designated States exeeja USH GYKVS 
MEDICAL UMTICD [(SB/OB); Ftetian Road, St Mellons, 
CaniifrCF3 0LT(GB). 

(72) Inventors; and 

(75) Inventora/Applkants (for US onty)i OOBLE, Nigel. Mait 
((SB/GBl; 6 Ty Ncwydd Drive, Caslleton, Nr Cardiff CF3 
8SB (GB). COBLE, Colin, Oiarie*, Owen [GB/GB]; 5 
Osboume House, Qhre Qescent, Penaitfa, South Glamorgan 
CP641AT(GB). 

(74) Agents: PRATT. David, Martin ct al4 Withen & Rogers, 4 
Dyer's Buildings, Hoibom, London ECIN 2JT (GB). 



(81) Designated States: AL, AM. AT, AU, AZ, BA, BB, BG. BR, 
BY. CA, CH. CN, CU. CZ, DE. DK, EE ES, FI. GB. GE, 
GH. HU, m IS, JP, KE, KG. KP, KR, KZ, LC LK, LR, 
LS. LT. LU, LV, MD, MG. MK, MN. MW. MX, NO. NZ, 
PU FT. RO. RU, SD, SR SG. SI, SK, SU TJ, TM, TR, 
TT. UA, UG, US, UZ, VN, YU, ZW. ARIPO patent (GH, 
KE, LS, MW. SD, SZ, UG, ZW), Eurasian paiem (AM, AZ. 
BY, KG, KZ; MD. RU, TJ, TM), European patent (AT. BE 
CH, DE. DK, ES, FI. FR, GB. GR, IE, FT. LU, MC, NL, 
PT, SE), OAPi patent (BP, BJ, CP, CO, CL CM, GA, (3N, 
ML, MR, NE, SN, TO. TG). 



Pttblisfacd 

With intentationai search report. 

Before the expiration of the time limit for amending the 
claims and to be repubtished in the event of the receipt pf 
amendments* 



(54) Title: UNDERWATER TREATMENTS 
(57) Abstract 

An electrosurgica] instrument, for die treatment d tissue in die pres- 
ence of an elecirically-conductive fluid medium, comprises an instrument 
shaft (10), and an electrode assembly (12) at one end of die shaft. TTic 
ckctrode asscmWy (12) comprises a tissue treatment elec&ode ( 14) Mid a 
rcmm electrode (18) which is electrically tnsulaied fiwn the tissue treatment 
electrode by ineansofantttsiiladoanieinber (16). The dssiie tieatraent elec- 
erode (14) has an exposed end (I4a) extending latenlly tfuough a cut-out 
(16a) provided in the insulation monber (16) at the distal end pORioii of 
Che instniment Tlie icmm electrode (18) has a fluid contact suitee (I8a) 
which overiies die insulatfammenrtier (16) In the region of d» cut-o ut (16a^ 
The fluid contact sutee (18a) is spaced from the tissue creatmem electrode 
(14) in such a manner as to define* in use, a conductive fluid path thatoom- 
pleies an decfirical circuit between die tissue treannem electnde and die 
return electiode (18). 
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tlNDEftWAiER IREATMEKTS 



This invcmion relates lo an clectrosurgical instniment for the ireatmem of tissue in the 
5 presence of an dectricaUj^conduaK-e fluid medhim. to deorbsursical apparatus inchiding 
such an instrument, and to an dectrode unit for use in such an instniment. 

Endoscopic clectrosurgcfv is useful for treating tissue in cax-nics of the body, and is 
normally pcifonncd in the presence of a distension medmm. WTien the distension medhim 

10 is a liquid, this is commonly referred to as undervvatcr ciearosurgeiy, this term denoting 
elccirosuruer\' in which linne tissue is treated using an decirosurgical instrument with a 
ireatmem dearode or dectrodes immersed in liquid at the operation site. A gaseous 
medhmi is commonly employed when endoscopic surgery is performed in a distensible 
body ca\iiy of larger potential volume in w-hich a liquid medium would be unsuhable. as 

1 5 is often the case in laparoscopic or gastroenterological surger>». 

Undenvater surgen* is commonly performed using endoscopic techniques, m which the 
endoscope iisdf may provide a conduit (commonly referred to as a working channel) for 
the passage of an dectrode AUemanvdy. the endoscope may be specifically adapted (as 

:0 in a resectoscopei to inchide means for mounting an dectrode. or the decuode may be 
imroduced mto a body cavity via a separate access means at an angle with respea to the 
endoscope - a technique commonly referred to as triainjulaiion These variations in 
technique can be subdi\Tded by surgical speciality, where one or other of the techniques 
has panicular advantages given the access route to the specific bod\' cavity. Endoscopes 

25 vrtth imcgral working channels, or those charaaerised as resectoscopes, are generally 
employed when the body cavity may be accessed through a natural body opening - such 
as the cervical canal to access the endometnal cavhy of the utenis. or the urethra to access 
the prostate gland and the bladder. Endoscopes spcdlicany designed for use in the 
endometrial caxity are referred to as hysteroscopes. and those designed for use in the 

30 urinary tract indude c> sioscopes. urethroscopes and resectoscopes. The procedures of 
transuredtd resection or vaporisation of the prostate gbnd arc known as TURP and EVAP 
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rcspcciivdy. When there is no natural body opening through which an endoscope may be 
passed, the technique of triangylation is commonly employed. Triangulation is commonly 
used during underwater endoscopic surgciy on jo'urt cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
5 arthroscope. 

Elcctrosurgcry is usually carried put using either a monopolar instrument or a bipolar 
instrument. With monopolar eiectrosu^ery. an aaive electrode is used in the operating 
region, and a conducttve return plate is secured to the pattern's skin. With this 

1 0 arrangement, current passes from the active electrode through the patient's tissues to the 
external return plate Since the patient reprcsems a signiftcam portion of the circuit, mput 
power leveb have to be high (typicaUy 1 50 lo 250 wans), lo compensate for the resistive 
current limiting of the patient's tissues ani in the case of underwater elcctrosurgcry. 
power losses due to the fluid medium which is rendered pardally conductive by the 

1 5 presence of Wood or other body fluids. Using Wgh power with a monopolar arrangemcm 
IS also hazardous* due to the ussue heatii^ that occurs at the return plate, wWdi can musc 
severe skin bums. There is also the risk of capachive coupling between the Instrument and 
patiem tissues at the cmr\r point into the body cavity 

20 With bipolar electrosuruery. a pair of clecirodes (an active electrode and a return 
electrode) are used logcihcr at the tissue appUcaiion site. This arrangement has advantages 
from the safety standpoint due to the relaiive proximity of the two decirodes so that radio 
frequency currents arc limited to the region between the electrodes. However, the depth 
of effea is directly related to the distance between the two electrodes; and, in applications 

25 requiring very sm^l electrodes, the inter-electrode spacing becomes very small, thereby 
limiting tissue effect and the output power. Spadng the dectiodes farther apan would 
ofren obscure vision of the application site, and would require a modification in surgical 
technique to ensure direct contaa of both electrodes with the tissue. 



30 There arc a number of variations to the basic design of the bipolar probe. For example, 
U S. Patem Spedficaiion No.4706667 describes one of the fundamemals of the design. 
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namdy that the nuio of the contatt areas of the reuim dcarode andof the active decoode 
is greater than 7: 1 and smaller than 20: 1 for cutting purpose*. TWs range relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
$ approxiinately 1:1 to avoid dilftfOTialelecirical stresses occuriinga^ 
the tissue and the electrode. 

The elearical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 

10 effect is limited to the needle or active electrode, with the dearie circuit between the two 
electrodes beinu completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return dectrode to 
complete the drcuit. Another problein » one of the orientation: even a rdativdy smdl 
diange in appEcaiion angle from the ideal perpendicular contaa with respett to the tissue 

1 5 surftce; wiU change the comaet area ratio, so *at a surgicd effed can occur in the tissue 
in contao. with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to impiove 
visualisatioa and to dlow for manipulation of instiumems. In low vohmie body cavities. 
20 particularly where it is desirable lo distend the cavity under higher pressure, liquid rather 
than gas is more commonly used due lo better optical duraeieristics. and because it 
washes Wood away from the operative site. 

Converaiond undetwaier dectrosurgeiy has been performed using a non<onductive liquid 
25 (such as 15% glycine) as an irrigant, or as a distension medium to efiminate dectticd 
conduction losses. Glycine is used in isotonic concentrations to prevent osmotic diai«es 
m the Wood when intri-vascHlar absoiirtion oceufj. In the course of an operatfe 

may be severed, with tewham biteion of the liquid imo the dre^^ 

among other things, a dihrtion of senim sodium wWd. can lead 10 a condition known 

30 water imoxication. 
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The applicants have found that ii is possible to use a conductive liquid medium, such as 
normal saline, in underwater endoscopic dectrosurgccy in place of non-conductive, 
dectiolyte-frecsohitions. Normal saline is the preferred distension medium in underwater 
endoscopic surgery when clccirosurgcry is not contemplated, or a non-electrical tissue 
effect such as bser ircaunem b being used. Although normd saUnc {0,9%w/v; I SOmmolrt) 
has an electrical conductivit>- somewhat greater than thai of most body tissue, it has the 
advantage that dispUcement by absorption or extravasation from the operaihrc site 
produces little physiological effect and the so-caUed water intoxication effects of non- 
conductive, clectrolyte^free solutions arc avoided. 



10 



The applicants have devetopcd a bipolar instrument suiuble for underwater elcctrosurgcry 
using a conductive liquid or gaseous medium This elcarosurgical instrument for the 
ireanncm of tissue m the presence of a fluid mcdhinu comprises an instrument body having 
a handpiece and an insmimeni shaft, and an electrode assembly at one end of the shaft. The 
1 5 electrode assembly comprises a tissue treauncnt electrode which is exposed at the extreme 
distal end of the instrument, and a return electrode which is elcctricaDy insulated from the 
tissue treatment electrode and has a fluid contact surfecc spaced iroximally from the 
exposed pan of the tissue ireatmem electrode. In use of the instrumem, the tissue 
treatmem electrode is apptied lo the tissue to be treated whiUt the return electrode, being 
20 spaced proximally from the exposed part of the tissue treatment electrode, is normally 
spaced from the tissue and ser\xs to complete an clecirosurgical current loop from the 
tissue treatmem decirode through ihc tissue and the fluid medium. This decuosurgical 
insirumem is described in the specification of our European Patent Application 
96918786.1. 



25 



The dectiode siructtire of this insirumem, in combination wHh an dectricaUy^xmductive 
fluid mttfium, largely avoids the problems experienced with monopolar or bipolar 
dectrosurgciy. In particular, input power levds arc much lower than those generaUy 
necessary with a monopolar arrangement (typicdiy 100 watu). Moreover, because of the 
30 rdativeK- large sparing bclxvccn its electrodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 
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An ailhroscopc elearode may be characterised as shon ( 100 to 140 nun), and rigid with 
a working diameter up to 5 mm. It can be introduced through a stab incision into a joim 
cavity (wtth or wiihoui a cannula) using the triangulaUon technique. Such an electrode is 
operated with a motion which moves the electrode between the 9 aClodc and 3 Caock 
5 positions on the anhroscopic image. As a result, the tissue to be treated is usually 
approached at a shaUow woiWng angle with respect to the a»s of the electrode. An 
arthroscopic electrode thus needs to have an dfea consistent with this angled approach 
to the tissue. The tissue to be treated, such as meniscal cartilage, is commonly dense and 
of a high elearical impedance. An anhroscope electrode requires output power and 
10 voltage senings that reflect the type of tissue being treated, the size of electrode, and the 
faa that aithroscopists are seeking a speed of effect comparabte to that of the mechanical 
shaver devices they currently employ. albeU with an electrode of smaUer dimensions than 
a shaver blade for improved access. Joint spaces are commonly smaU (the joint s^ in 
the knee being t>T>icaily 60 to 100 mis under fluid distension), and tissue often needs 
15 meehanicai manipulation. Known monopolar arthroscopic electrode configurations, 
therefore, are of a rigid constmaion. having angled hook or probe-tip configurations to 
produce cutting of high impedance tissue, and to comtect to an ergonomic handpiece to 
aid tissue manipulatjon. 

20 Theaimofthe invention is to provide an improved electrosurgical instnimem of this type 

The presem invemion provides an electrosurgical insinunent for the treauneot of tissue in 
the presence of an electrically-conductive fluid medium, the instrument comprising an 
iMtwmem shaft, and an electrode assembly at one end of the shaft, the electrode assembly 

25 comprising a tissue treatment electrode and a retum electrode wWch is electrically 
inadated Irom the tissue treatmem electrode by means of an insulation m 
treitinem electrode havingan exposed end extending laterally thr«^ 
in the insulation member at the distal end portion of the instrument, and the reoim 
decnode having a fluid contaa surface which overlies the insulation member in the region 

30 of U» cut-out. said Quid contact surface being spaced from the tissue treatmem electrode 
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in such a manner as to define, in use. a conductive fluid path that completes an eleciricai 
circuit between the tissue treatment electrode and the return electrode. 

The invention also provides an dectrosurgical instrument for the trcaunent of tissue in the 
5 presence of an dectrically-eoitductive fluid medium, the instrument comprising an 
instntmem shaft, and an dearodc assembly ai one end of the shaft the electrode assembly 
comprising a tissue ucamicm electrode and a return dcctrodc which is dectricaily 
insulated from the tissue treauncm dcctrodc by means of an insulation member, the tissue 
trcatmem decirodc ha>ing an exposed end extending laterdly t 
to in the insulation member, whcfdn the remm dectrode has a distd end portion with a fluid 
contact surfece which overlies the insulation member in the region of the cut-out and faces 
laterally in a first direction, aid wherdn the insulation member projects laieraUy outwardly 
between said distd end portion and the tissue treatment dearode, the tissue treatment 
dectrode fadng laterdly in a second direction opposite to sdd first direction. 

15 

The laterdly-projccting part of the insulation member increases the conductive fluid path 
length from the tissue trcatmcm electrode to the return elearode. and forces the dectric 
fidd outwardly. iherd>y prcveming preferentid arcing between the return dectrode and 
the nearest part of the tissue treatmem dcctrodc and promoting arcing between the tissue 
20 treatmem dearode and the nduhbouring tissue. 

The return dectrode is spaced from the tissue treatment electrode so that, in use. it does 
not comaa the tissue to be ueaied. and so that the dcctricd circuit is dways completed 
by the conductive fluid, and not simply by arcing between the electrodes. Indeed, the 
25 arrangemem is such that ardng between adjaccm partt of the dectrode assembly is 
avoided, therdyy ensuring that the tissue treatmem dectrode can become enveloped in a 
vapour pocket so that tissue entering the vapour pocket becomes the pireferrcd path for 
current to flow back to the return deorode via the conductive fluid. 

30 The dectrosurgical instrument of the invention is useful for disscctioa resection, 
vaporisation, desiccat ion and coagulation of tissue, as well as for cond>ination$ of these 
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functions. It has a particular appUcation in anhroscopic surgeiy as it penains to 
endoscopic and pcrcutaneou, procedures perfomted on joinu of the body including, but 
not limited to. such techniques as they q>ply to the spine and other non-synovial joints. 
Artffoscopic operative procedures may inch.de. partial or complete meniscectomv of the 
5 knee joiminch«ling,na»«»I cystectomy; toterriretinacttlar release of the kn«,^^ 

removal of amerior »»i posterior crudate Bgaments or remnants thereof: labral tear 

«ec.ioaacromiopiasty.burseaomy«Kla«b«».ni«l decompress^ 

anterior release of the temperomandibular joim: synovectomy, cartilage debridement. 

chondroplastv. division of imra-anicular adherens, fracture and tendon debridement as 
,0 applied to anv of the synovial join,, of the body, inducing thermal shrinkage of jomt 

capsules a, a treauncnt for recunem dislocation, subluxation or repetitive stress Nu.^ 
any articulated joim of the body: discectomy either in the treatment of a disc prolapse or 
as pan of a spinal fusion via a posterior or amerior approach to the cervical. tho,«ic and 
kmfcar spine or any .kherfibrousjoim for similar purposes: excision of dise^ 

IS haemostasis. 

The instrument of the invention is also useful for dissection resection, vaporisation. 

desiccation and coagulation of tissue, a, well as combimuions of these fimctions. with 

particular application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy. 

.0 ,«lneph«,scopv,andpe.c««.eou,,»rge,y.U,oknMP«>ce^ 

v.porisationofthepros.a.eula«d(EVAP)«Hlo.hervarianuofthepro^ 

refared to as un«».M resection of the prost«e (TURP) induding. but not Umhed to. 
imerstitial aWauon of the prostate gland by a percutaneous or pen^ethral route whether 
performed for benign or maUgnam disease; transurethral or percutaneous resection of 
,5 uri„a,ytr«».«nK«usastheymayariseasprima,yorsecondaryneopla«n..«.d&rf^ 
they may arise anywhere in the urologicd traa from the calyce. of the kidney to the 

external urethral me«u.. division of stricture, a. they may arise « the pdvwretenc 
j„«rion (PW). ureter, ureteral oriBce. W-lder neck or urethra; correct 
shrinkage of bladder diverticular, cystoplasiy procedures as they pertain to correcnons of 
30 voiding dysfimcion: thermally induced shrinkage of the pelvic floor as a correcnve 
trcMment for bladder neck descent; excision of diseased tissue; and haemostasts. 
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Surgical pfccedufcs using the electrosurgtcal instrument of the invention may also inckide 
introducing the electrode assembly to the surgical site, whether through an artificial 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space* or one created surgically. The cavity or space may be distended during the 

5 procedure using a fluid, or may be naturally held open by anatomical stnictures. The 
surgical site may be bathed in a condnuous flow of conductive tluid such as saline solution 
either to fill and distend the cavity, or to create a locally*irriaated environmem around the 
tip of the elecuode assembly in a gas fiUed cavity. The irriuaiing fluid may be aspirated 
from the surgical site to remove products created by application of the RF energy, tissue 

10 debris or blood The procedures may include simultaneous \*iewing of the site via an 
endoscope, or iisii^ an indirect visualisation means. An irriuaicd bipolar elcctrosurgical 
instniment is described in the specification of our International Patent Application 
GB96/0t472. 

15 Advantageously, the exposed end of the tissue treatment electrode Is constituted by a 
plurality of tissue contact filamemary members made of an dectrically-conduciive material, 
the filamentary members being electrically coiinected to a coinmon electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
ihc coils of the filament constituting the filamentary members. The filament may have a 
diameter lying in the range of from 0.05 mm to 0.5 mm 

In another prefenod embodiment, a plurality of separate, individual filamenu constitute the 
25 filamoitary members. The fliaments may each have a length lying withm the range of from 
0.5 nun to 5 mm, and a diameter lying within the range of from 0.05 mm to 0.5mro. 

Preferably, the filamentary members arc made of tungsten, or of an alloy of tungsten or 
platinum. 

30 

Ahemath/ely, the exposed end of the tissue contact electrode is constituted by a mesh. 
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PideraUy. the insmrnieni farther comprises suction means for applying a sub-atmospheric 
pressure to the interior of the insulation member, whereby vapour bubbles produced in the 
region of the tissue treatment electrode are evacuated via the interior of the instrument. 

5 

Advamagcously. the cut-out is formed in a lateral surfiee of the insuhtion member 
adjacent to the distal eml thereof In this case, the instiumem can be used as a side-eHe« 
instiunem. Ahematively. the cut-out is formed obliquely across the distal end face of the 
msuiation member, wherdiy the exposed end of the tissue treatment electrode has both an 
10 axially-fadng tissue comatt portion and a laterally-facing tissue comact portion. In this 

case, the insinimem can be used as both an end-effect instniment and as a side-effect 

instniment. 

Advamageously. the dimensions and configuration of the tissue treatment electrode, the 
IS fhiidoomaa suffice and die insulation member are such that when the dectrodeasK^ 

is immetsed in a conductive fluid mednwt. the ratio of (i) the length of the shortest 
conductive path through the fluid medium between the fluid conttct surface and that pan 
of dw tissue treatment electrode which is farthest from the fluid contact surface, to (ii) the 
lei.Sth of the shortest conducuon path through the fluid medhim between the fluid eomaa 
20 surface and the tissue treatmem electrode is at most 2 to I . 

frtknUfy. the iMerally-projectins pomen of the inwtotlon member defines an insulation 
banier to diven electrical currem flow through the fluid medhim thereby to increase said 
shortest conduction path kngth between the fluid comact surface and the tissue trcatmem 
25 deait>dc. The first directioo may defme a tnatmeni axis, and said two shonestcondua^ 

paths may lie in a common plane comainii^ the treatmem axis. 

The invention also provides an electrode unh for an elecinjfurgieal instium^ 
ireaimembftissue in the presence of an eleeliicaBy<omhicti^ 
30 uniicompiisin8ashafthavinsatoneendmeansforcom.ectiontoaninsti^ 

ami. mourned on the other eml of the shaft, an electfode assembly comprising a tissue 
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treatmem electrode and a return elearode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatmem electrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member, and the return electrode having a fluid contaa sur&ce which overlies the 
5 insulation tnoifcer in the rqpoiiofrfiecw-ouu said fluid comactsuifecebejnsspac^ 
the tissue ireaunem elecnode in such a manner as to define, in use. a copduaive fluid path 
that completes an electrical circuit between the tissue treatment dectrode and the rettim 
electrode. 

10 The invenuon fiinher provides electrosurgical apparatus compriang a radio frequency 
generator and an electrosurgical instnimem for the treatitiem of tissue in the presence of 
an dectrically-conductK-e fluid medium, the insnumem comprising an instiument shaft, and 
an electrode assembk at oneend of the shaft, the elearode assembly comprising a tissue 
treatment electrode and a return electrode which is dectrically insulated from the tissue 
1 5 treatment electrode by means of an insulation member, the tissue treatmem electrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end ponion of the instiumem. the return clectrbde having a fluid 
contact surface which oveHies the insulation member in the rejpon of the cut-out. and the 
radio frequency generator having a bipolar output connected to the dectrodes. said fluid 
20 comact surface bring spaced from the tissue treatment dectrode in such a manner as to 
ddine. in use. a conductwe fluid path that completes an decrical drcutt between the tissue 
treatment dectrode and the return dectrode. 

Advanugeously. the radio frequency generator indudes comrol means for varying the 
25 output power deUvered to the dectrodes. the control means may be sud» as to provide 
output po»vei in first and second output ranges, the first outptit range bring for powering 
the electrosurgical instiumeni for tissue desecation and the second output range bring for 
powering the electrosurgical instrument for tissue removd by cutting «w vaporisation. 
Conveniently, the first output range is from about 150 volts to 200 vohs. and the second 
30 output range is from dnnit 250 volts to 600 voha. the voltagea bring peak vohages. 
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Preferably, the comrol means is such as to akemate the output po^ver between first and 
second powers in the first and second output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

5 Theinven.ionwinnowbedescriWin8re.terdettil.bywayofexaBple.withrefc.ence 
to the drawinus, in wluch:- 

Figure I isadiagramshowinganeteetrosurgicalapparatusconstruaedinaccordance 
with the mventioiu 

Figures 2 to 6 are diagrammatic side elevations of the electrode assemblies of five forms 
of elccuode unit construaed in accordance with the invention; 

Rgure 7 is a perspective view of a modified fcrm of the electrode assembly of figure 3; 

15 

Figure g is a perspective view of pan of the assembly of Rgure 7: and 

Figure 9 is a cross-section taken on ihc lines A-A of Figure 7. 

.0 Each of the electrode units described below is imended to be used with a conductive 
dis.en»onmediumsuch.snormalsdioe;ande«*unitha«.duaWe^ 
d«eo«due«vemedh«n acting ...conductor between the tissue being tre«ed«.d one of 

the electrodes, hereinafter caUed the remm electrode, The other electrode ^s appbed 
directly to the tissue, and is hereinafter called the tissue treatment (active) electrode. In 
many cases, the use of a Uquid distension medium is preferrfHe. as it prevems excessr« 
electiode temperature, in most drcuimtances. and largely el^ 

Refaring to the drawingSL Figure I show, elec.rosu.gicalapp.r«us including a generator 
I having an output socket 2 providing a nuBo frequency (RF) output for an instrumem « 
30 the fi«m of a h«rfpiece 3 via a co««c.ion cord 4 Activation of the generator 1 may be 
performed from the handpiece 3 via a comrol connecrion in the cord 4. or by me«is of a 



W097/4834S 



PCT/GBmi631 



12 

footswitch unit 5. as shown, connected separately to the rear of the generator I by a 
footswitch connection cord 6. In the Bhistraied embodiment, the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
generator I respectively. The generator front pand has push buttons 7a and 7b for 
5 respectively setting desiccation and vaporisation power levels, which are indicated in a 
display S. Push buttons 9a arc provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 mourns a detachable electrode iinit E. such as the electrode units El to E5 
10 to be described bdow. 

Figure 2 shows the first form of electrode unit El for detachable fastening to the 
electrosurgical instrument handpiece 3. the electrode unit compriang a shaft 10, which is 
constituted by a semi-flcxiblc tube made of stainless steel or phynox ciccuoplated in 
1 5 copper or gold with an dccaode asseroWy 1 2 at a distal end thereof At the other end (not 
shown) of the shaft 10. means are prodded for connecting the electrode umt El to the 
handpiece 3 both mechanically and elearically. 

The RF genmtor I <not shown in Figure 2) dettvers an electrosurgical currcm to the 
20 electrode assembly 12. lite generator includes means for varying the delivered output 
power to suit diffcrem electrosurgical requirements. The generator may be as described in 
the specification of our European Patem Application 96304558.8 

Tlie elecnode unit El includes an aaive dearode 14 which is constinited by a phirdity of 
25 filamems made of tungsten or an dloy of tungsten or platinum. The active (brush) 
decsrode 14 b connected to the RF generator I via an insulated cemral copper conductor 
(notshown). a ceramic insulation sleeve 16 surrounds the cemrd conductor, the ftlan^ 
I4a of the brush dectrodc passing along the insulation sleeve and extending laterally 
therefrom through a cut^t I6a. A ra urn electrode 1 8, which is constituted by the distal 
30 end of the instalment shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coaling 20 (which could be polyvinylidene fluoride, a polyimide. 
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polytetrafluorotthylcnc a polyolefin. a polyester or ethylene .e«iluoroelhy»eoe). 
sunound, the pn»dmal portion of the shaft adjacent to the retun, elecuode 1 8. The return 
electrode 1 8 is formed with a hood^ke extension 1 8. which extend, over the surftce of 
:Sesleeve.6whichisopposhetothe«^l6a.TheeIectrodeuni.EIc«v.h«,.provuie 

5 mawmum.i««een8.s«ne«forshriIowworkinsangIe.ppnc«ions.««Jisl^ 
sidc-cffcct electrode. 

This elecuosursical ins,nm,em is particulariy useful for rapid tissue debulking. One of the 
problems which could be encountered when tissue is rapidly debuBced u»,« «. 
,0 arthroscopic electrode confisuration. p.rticul«iy when working in small joint spaces, .s 
,he produaion ofvapour bubbles generated as an end product of tissue vaporisatma Such 
bubbles obscure vision, and can coalesce m the site of ^ appHc«ioa so that the 
electrical drcint between the active a«l return dectrode, becomes compromised by the 
absence of conductive ftrid. inegular active electrodes having filamem«y. mesh or coded 
,5 spring forms go some way to solving this problem, as they reduce the v^KHisanon 
threshold as disclosed in the specification of our International Patent Apphcanon 
OB97/00065 . Another advamage of these electrode fonn. is that the bubble, genemed 
by vaporisation are smaller than those fcrmedby solid electrodes. AS the bniritelec^^^ 
14 of this electrosargical instnw^m is of irregular sh^*. it «»» has the adv««.8e of 
,0 producing relatively smaU vapour bubbles as the product of Ussue vaporisauon. The 
producnJn of vapour bubbles is. however. lUrther reduced as a result of the lower 
thred«ld power of vaporisation which results fromuse of the electrode unit El. Th» 
i„q,rovemeo, resuhs from the hood-like extension 18a of the return decuode 18 which 
eaendsoverthebackof Aeaaiveelectrode 14. This reduces the separation between the 
25 .c«vee.earodel4and.heretumelec.rod.l8..hereb.reducl«8^ 

vaporisMion threshold power of the active electrode TW. e«ha«ee. the speed of 
v«»n.«io»oftheos,ueat.k^pawerth«.wouldotherw^ 
active eleorode^ea. and henceteducesthefbnn^ioo ofvapour b^^^^^ 
extension 18a »«ends along the entire length of the active elearode 14. a large 
30 elearodesaec.nbesupponed.despitethereductioninelectrodesep.^ 
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The robustness of the dcctrode assembly 12 is also imponam in arthroscopic surgery, both 
because of the tendency of surgeons to use an electrode assembly as a cold manipulator, 
and because of the riuid namre of dte tissue to be treated - particularly bone and cartilage. 
The hood-like extension ISa adds mechanical strength to the electrode assethbly 12, as it 
5 eiaends over the ceramic insulation sleeve 16, thereby redudngt^ 
and potential breakdown of insulation. 

The elecuodc unit El is intended primarily for use in arthroscopic surgery which requires 
rapid tissue debulktng by vaporisation In use, die electrosurgicai instrumem is manipulated 

1 0 CO introduce the electrode assembly 1 2 imo a selected operadon site (for example* within 
thejoirii space of a knee), so that the brush electrode 14 conucts the tissue lo be treated, 
and vnth the tissue and the electrode assembly immersed in saline. The footswitch 5b (or 
the push button 7b) is then operated to set the required power level for vaporisation The 
generator I then provides suffidcm RF power to the electrode assembly 1 2 to vaporise the 

15 saline surrounding the brush electrode 14. and to maintain a vapour pocket surrounding 
this electrode Using a brushing technique, with firm pressure against the tissue surface, 
rapid debulking of the tissue is achieved. Gently touching the tissue win reduce the eflfect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of dcbuikiiw and side-efTeo configuration, the dcctrode unit E 1 also 
has advamages in urological surgery as an EVAP technique for use in coigunction with a 
resectoscope. A resectoscope decwode unit is introduced very differenilv, in that it is 
mourned on an endoscope prior to passage of the assenrirfed instrument through a working 
sheath imroduced via the urethra. The proximal end of the dectrode unit is connected to 

25 a trigger assembly and an dearicdcontaa which is integral with the rcsectosco^ 

means, the electrode unit can be moved back and forth through a defined range of motion 
by operating the tri^jer mechanism. As the dectrode unit is assembled prior to 
introduction, the size of the tip is not constrained by working cbannd dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Pan of this 

30 diameter is occupied bv- the support wires to the dcctrode unit, whidi wires are commonly 
bent in a downward angle, with respect to the endoscopic image, to the working tip, so 
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that they do n« imofae with either visualisation or its operation. The brash deorodc M 
can haJe a tength lying within the range of from 3 mm to 4 mm and a width lying in the 
range of from 2 mm to 3mm. and this size is neccsaiy for urological surgery given thai, on 
average. 20-30 grams of prostate tissue must be removed. 

5 

Because of the resenwir eflea ofthe urinary Wadder. and the mounting of the endoscope 
to view the tip of the acrive electrode from below, bubble generation during vaporisation 
is less of a problem during endoscopic urology, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevertheless, the use of the electrode unit El 
10 5ubstamially reduces the possibility of bubble generation causing problems. 

Although the etecirode unit El is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, paniaitarly of synoviri membranes or to separate 
Mwleattachmems. Inthiscast once the dectiode assembly 12 ha been introduced into 

15 a wleaed operation site, the RF geaerator I is actuated using the footiwitch 5a or the 
push button 7a to set the required power level for desiccation. The generator wiB then 
provide sufficient RF power lo the deorode assembly 12 to maim«n the «.Une adjacent 
to the bnuh elearode 14 subsuuniaUy at its boiling point without crearing a vapour pocket 
swrbundingthat electrode. The instmment can then be manipulaied by moving the brush 

20 electrode 14 across the surface ofthe tissue to be treated in a sidcWe painting" 
technique. 

The electrode unh El can also be used for blending tissue. Thus, by automaticallv 
ahemaiing the output ofthe RF generator I between the desiccation «.d vaporisation 

25 power levels, more haemostasis is produced then is possible in the vaporisation mode. As 
a consequence, the speed of tissue debulking can be reduced. wWeh is useful when cut^ 
ordebulkingvascularrissuestnictures. Ahematively. the output ofthe RE generator 1 can 
he pulsed at the vaporisation power level, without cycled activadon of die desiccation 
. mode. TWs produces a less aggresshre tissue vaporisation than oc«rs in the vaporisation 

30 modftwid..«»»eq«emreductio«i«boU,bubblefcnnation«rftheriskofti«^ 
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Figures 3 to 6 show electrode units E2 to E5 which are modified versions of the electrode 
unit El. Accordingly, like reference numerals will be used for like parts, and only the 
modifications will be described in detail. Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mourned within the cut-out 16a. The coiled sprtng 
5 electrode 14 is made of tungsten or an alloy of tungsten or platinum* and. its proximal end 
is coimected to the RF generator 1 via an insulated central copper conduaor (not shown). 

The electrode unit E3 of Figure 4 is of "sputmk" form, having an active electrode 14 
constinitcd by a plurality of ncedle*Ukc protrusions 1 4a extending from a tlun metal base 

10 plate 14b mounted within the cut-out 16a in the insulation slcc%*c 16. Both the base plate 
14b and the promisions 14a are made of tungsten or an alloy of lungsien or platinum. The 
needle-like protnisions 14a are connected to the RF generator I via a common insulated 
cenual copper conductor (not shown). This unit E3 is less complex to manufaaure as 
compared with the bnish-type form of the unit El, and will produce similar effects. 

15 Moreover, il aUows for variations in the density of the needle-like protrusions 14a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 14 which is constituted by 
a mesh made of tungsten or an alloy of tungsten or platinum This electrode unit E4 can 

20 be provided with a suction pump ( not shown) which can remove vapour bubbles via the 
shaft of the instftmient through the active electrode 14 This enhances the elimination of 
vapour bubbles from an operation sice, which is panicularly advanuscous during 
asgressive tissue debulking. The suction pump must be controlled so that the flow of 
bubbles through the electrode 14 is balanced to the output charaaeristics of the RF 

25 generator I to prevent excessive cooling of the active dcarode and a resultant increase 
in its vaporisation power threshold. The thermal mass of the mesh active electrode 14 is 
lower than that of a solid form active electrode, and this assists in rapidly re-estabfidm^ 
the vapour pocket around the aaive electrode should this collapse following excessive 
coding. The control means for the suction pump may involve the use of an mtermittent 

30 suction technique. 
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Figure 6 shows the electrode unh E5 having an active electrode 14 of the coiled spring 
type. Here, however, the cw-out 16a is formed obliquely (at 45'^ across the distal end face 
of the insulation sleeve 16. so that the exposed end of the active electrode H has both an 
axiallyfacing tissue contact portion and a lateraUy-fadiuj tissue comaci portion. The tip 
5 ofthecoaeddectnKiel4i$alsoangledai45degieestoiheaxisofthemsiiumeni.sori^ 

this elearode unit is both an end^efiect electrode and a side^ffect electrode. The main 
advantage of this electiode unit ES is that it can be used in eonjuncrion whh endoscopic 
surgery techniques which require working channel introduction. 

10 The Figures 7 to 9 show a modified form of the electiode unit E2 of Figure 3. This 
electrode unit E2' has an active electrode 1* in the form of a coiled-spring electrode 
mounted within a cuimjui 16a' in the insulation member 16- The coBed-spring electrode 
14' is made of tungsten or an alloy of tungsten or platinum, and iu pitwimal end ts 
connected to the RF generator by an insulated central copper conductor(not shown). As 

15 shownbBsure8,thelnsulationmember 16-lsfonned witharecess leb' which receives 
the return electrode I and its extension I W (not shown in Figures 7 and 8). 

AS shown in Figure 9. the active electrode 14' has a distal end portion which is exposed at 
the distal end of the insinmtent for tissue comaci. This embodimem has «hrantage, over 
^0 ihe eariier embodiments, particulariy where access is needed to remote areas of a joint 
cavity Thus, in such remote joim cavity areas, the extension of the insulation member 1 6 
ofead. of the embodiments of Figures 2 to S may prevent the associated active elecuode 
1 4 accessing these areas. 

25 Figure 9 ilhistrates the way in which the insulation member 16' projects laterafly in the 
region between the active electrode 14' and the extension ISa' of the renim electiode IS*. 
This laterally-projecting part of the >n>d«io. member W increases the conductive fhud 
p«hlens,hfK«,the..riveelec.rodel4-tothere.urndecmxleI8\a«dl^ 

field outwwdly. thereby preventing preferemid ardng between the return electrode and 
30 the nearest pan ofthe active electrode, and promoting Mcingbet>««n the active 

«Kl the neighbouring tissue. The rerun, electrode 1 8' is spaced from the active electrode 



W097M8MS 



PCnGB97mi631 



18 

1 4* so that, in use, it does not contaa the tissue to be treated, and so that the electrical 
circuit is always completed by the saline, and not simply arcing between the electrodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly b avoided thereby ensuring that the active electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue emering the vapour pocket becomes the preferred path 
for current to flow back to the renim electrode 1 8* via the conductive fluid 

To consider the operation of the electrode unit E2' in more detail, when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip I4'a of the 

10 aaive elearode 14' This tip I4'a constitutes an active dearode treatment portion. This 
bubble is sustained by ardnu wiihin it. The greater the applied voluige. the greater is the 
size of the bubble. The energ>' dissipated by each arc is impedance-limited by the remaining 
fluid in the conduction path and by the source impedance of the generator. However, an 
arc behaves as a negative impedance in that, if the energy in the arc is sufficiently high, an 

1 5 ionised path of very low impedance is formed. This can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return electrode I S* is sufficient to aa as a limit on dissipated power. It is 
also possible for the vapour pocket around the active electrode tieatmeni portion 14*a to 
encroach the return dearode I S* In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limiution is poor and carmot be adjusted 
according to dearode size. For these reasons, the dimensions and conftgjuration of the 
insulation member 16 should be such as to deflne a minimum conduction path length of 
Imm between the active dcctrode treatment portion 14'a and the fluid comact surface of 
the return dectrode 1 S' This minimum path length is, in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 16' plus the step dimension c of the 
laterally-projecting part of the insulation member. 

A fiirther conskleration is the possibility of a vapour pocket forming only over pan of the 
exposed treatment ponion 14'a of the active electrode 14' When the applied voltage and 
30 power are sufSdcntly hidv a vapour pocket will form aroimd the active dectrode exposed 
treatment portion I4*a Preferably, the pocket is formed uniformly over the entire length 
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Of the ireaonem portioa In such a skuaaon. the load impedance presented to the geneiator 
can change bv- as much as a factor of 20. However, when there are significant differences 
in the conduction path length between the return electrode fluid comaa surface 18a' and 
different pans of the exposed active electrode treatment portion M'a. a vohase gradiem 
5 isestabBshcdoverthe length of eachdecuode. With some insutation member and active 
dectrodeconfigurations.thevol«sesradientcanbesuflteiemlylai8Btocnable«^ 
pocket fbimarion only over that pan of the exposed treatmem pc^ 
conuct surfece. leaving the extreme distal end of the exposed treatment portion stiU in 
comact with the conductive fluid. Thua. the voltage gradiem is established within the 
10 conductive fluid where the edge of the vapour pocket intersects the surfkce of the active 
electrode tream«m portion M'a. The electrical behaviour of such a partiaUy^vdoped 
active electrode ireatmem ponion 14 a is very different from that of a fally-em«loped 
treatment ponion In terms of controllmg generator output by sensing peak voltage, the 
bdaviour of the electrode assembly .s no longer bistable. However, the power demaml is 
15 connderabK higher as a resuU of the vaporisaiton voltage presemed across the low 
UiycdancexNeited region of the active decuodetreatmem portion I4'a. The dinical effea 
is not only the required vaporisation, but also an undesirable thermal damaging effect 
resulting from the increased power dissipation. 

20 |>.rtide«velopingofthe«»iveclectrodetream«mponionl4'acanbelargdya^^ 
ensurinu that the ratio ofthe length b of theconduawpath between the fimhermost poim 
of the .cix* etecuode .reatmem portion «a the length of the shortest conductive paib 
between the actwe dectrodetreatmem portion and the fluid comact surface is at most 2.1. 
ie W(an) s The laterallyH)roiecting portion ofthe insulation member 16' defines an 

25 insulation barrier to direct deetrical currem flow through the fluid medium, therd^r 
increasing the shonesi conduaWe path between the fluid comatt surface H-a and the 
active electrode 14' 

I, vrili be noted from Figure 9 that the dowmwml extent ofthe exposed active dectiode 
30 treatmem portion, ie. the distance d by wWdi the active dectnKle prt>jeas beyond the 
d„oudingpansof the insulation member 16' on cad. side, is at least one hdf of the width 
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of ihc exposed treatment portion in a transverse plane. This allows the instrument to be 
rotated abow the axis of its shaft to some extern wiihow losing the rcqw 

Figure 9 also shows that the active electrode 14' has an exposed end <the tip 14 a) which 
5 extends laterally through the cut-out I6*a in a first direction which is opposite to the 
direction in which the fluid comaa surface 1 8a* faces. This first direction defines a 
treatment axis which lies in a common plane with the two shortest conductive paths 
referred to above. The electrode units of the embodiments of Figures 2 to 6 also inchide 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has latendly-projecting part which increases the conductive fluid path length 
from the active electrode 14 to the return electtode 18. These electrode units also are such 
that the ratio of the length of the conduaivc path between the funhcrmost point of the 
1 5 active dearode treatment portion and the fluid contaa surface of the return electrode, and 
the length of the shortest conductive path between the active electrode treatment portion 
and the fluid contact surface is at most 2. 1 . 

In order further to improve access to remote joint cavity areas, the distal poition of the 
20 electrode shaft of each of the embodiments described above could be angled, say between 
IS" and 30", with respect to the main poiuon of the insiiumcni shaft. In a further 
modification, titanium could be used as the material for each of the active electrodes. 

It will be appaiem that modifications could be made to the embodiments described above. 
25 For example, the en^odimems of Figs I to 4 and 6 could each be provided vwih a suction 
pump for removing vapour bubbles via the shaft of the mstiumem through the active 
electrode. It would also be possible to make the insuhition sleeve 16 of each of the 
entedimenit of a siKconc rubber (such as a silicone polyurethane», glass, a polyimide or 
a thermoplastics material. 

30 
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CLAIMS 

1. An dectrosurgical instrument for the treatment of tissue in the presence of an 
dectricaily-conductive fluid medtum* the instrument comprising an tnstiument shaft, and 

5 an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatmem electrode and a return eiearode which is electrically insulated from the tissue 
treatment eiearode by means of an insulation member, the tissue treatment electrode 
having an exposed end extending laterally through a cut-out provided in the insulatiod 
member at the distal end portion of the itistrumeni, and the return electrode having a fluid 

10 comaasur^to which overfies the tnsulatkin member in the region o^ said fhiid 

contact surface being spaced from the tissue treatmem electrode in such a manner as to 
define, in use. a conductive fluid padi that completes an electrical circuit between the tissue 
treatment electrode and the return electrode. 

IS 2. An electrosurgical instrument for the treatmem of tissue in ihc presence of aii 
electrically-conductive fluid medium, the instrunnem comprising an instnimem shaft, and 
an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment eiearode and a return electrode winch is eleorically insulated from the tissue 
treatment eiearode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
member, wherein the return eiearode has a distal end portion with a fluid contaa surface 
winch overlies the insulation member in the region of the cut-out and faces laterally in a 
first direaton, and wherein the insulation member projects laterally outwardly baween said 
distal end portion and the tissue treatmem electrode, the tissue treatmem electrode facing 

25 laterally in a second direction opposite to said first direction. 

. 3. An dectrosurgical instalment as daimed in claim 1 or daim 2, wherein the exposed 
end of the tissue treatmem dectrode is constituted by a phiraiity of tissue contaa 
fiianmtaiy members made of an dcctrically-conductive material the filamentary members 
30 being dectrically cbnneaed to a conmion dearical supply conduaor. 
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4 AndccOTSumcalin^^ 

consritutcs the fflainem«y numbers, the coils of the filament constituting the fdamentary 
members 

5 s. AnelectrosurgicalinstnMnema$dain«dmclaim4,wl«d^ 
<iiamtter lying within the range of ftom 0.05 mm to 0.5 mm. 

6. Aneleeuo«r8ical.ns.n«K««cl««^ 
individual filamems consdiute ihe fitomentary memben. 

r An electrosuruical mstmmem a, c««med in claim 6. whe«i» the f.l«Bem, each 
havealengih lying xxithin the range of from 0.5 mmtoS mm. 

8 An electrosurgical in«r«me« „ daimed in cl«« 6 or claim 7. whemn the 
,5 fil««mseachh.veadi«neterlyingWi.hln*enm8eoffrom0.05.n«to0.5n». 

9. Anelec»owrgicalins,™me«a,daimedinanyoneofcW«sJto8.whe«^^ 
' mamemary members are made of tumpten. 

,0 .0 An elearosuruical instnimcn. as claimed in any one of claim* 3 to 8. whe«n the 
filameniao' members arc made of an alloy of tungsten or platimmt 

n. AD<lect»«ur8ic.Ji«m«.e«a.clairtedinciaim 
end of the tissue contact electrode is constituted by a mesh. 

U Anetectrosurgic.linstn«ne«asdaimedi«anyoneofclaim.ltoU.fi.«^ 

comprising ..ctionn^ns for applyingasub-atmosphericpressu^ 

•J!Zmem*«.>v1-byvM«urbubte^^^ 
electrode are evacuated via the interior of the instnmiem. 
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1 3. An elecsrosurgicsl insftument as claimed in any one of cl^ms 1 to 12. wherein the 
cut-out is formed in a lateral sur&ce of the insulation member adjacett to the distal end 
thereof. 

5 14. An clectrosurgical instrument as claimed in any one of ciaims I lo 12. wherein the 
cut-out is formed obliquely across the distal end face of the insulation member, whereby 
iht exposed end of the dssue treatment elcarode has both an axially-fadng tissue conutt 
portion and a laterally-fadng tissue contact portion. 

10 15 An clectrosurgical tnstnmient as claimed in any one of daims 1 to 1 4; wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contact surface 
and the insulation member arc such that, when the electrode assembly is immersed in a 
conductive fluid medium, the ratio of (i) the length of the shortest conduction path through 
the fluid medium between the fluid contact surface and that part of the tissue ueaunem 

1 5 clecuodc which is furthest from the fluid contact surface, to (ii) the length of the shortest 
conduction path through the fliud medium between the fluid contact suiftce and die tissue 
treatmem electrode is at most 2 to I . 

16. An clectrosurgical instiumem as claimed in daim 1 5, wherein ihe ratio of (i) the 
20 length of the shortest conduction path through the fluid medium between the fluid contact 
surface and that part of the tissue treatment elecirt)dc which is furthest from the fluid 
contact surface, to (ii) the Icmjih of the shortest conduaion path through the fluid medium 
between the fluid contaa sur&ce and the tissue ireaUitcm decirode is greater than or equal 
to 1.25. 

17 An dearosurgical instalment as cidmed in daim 15 when appendam to daim 2, 
wherdn the laterally-projecung portion of the insulation member defines an insulation 
bairier to itivert dectricaJ current flow through the fluid medium dierdiy to increase said 
- shortest conduction path length between the fluid contact surface and the tissue ireaunent 
30 electrode. 
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18. AadectrosufjpcaliiBimhiemasdaimedindairollw^ 

defines « trettinem axis and^id iwo shortesi conduction paths lie in a conrnion pUnc 

containiiu} the treatment axis. 

S 19 An electrosursicalinstiumeni as dairoed in any one of claims 1 to J 8. wherein 

lean one tnmsvefse plane extending in the first directioa the tissue tie«mem eteetrode 

prtjects beyond the in«.laiion member in the first direction Iv a distant 

one half of the tnmsverse width of the projecting part of the tissue treatment dectroda. 

,0 20 An dectrosurgieal instrument as daimed in any one of claims I to 19. wherdn the 
dimen«ons and configuration of the tissue treaunent dectrode. the fluid conta« sulfite 
and the insulation member are sud, that, when the electrode assembly is immersed m a 
conductive fluid medium, the length of the shortest conduction path throus* the AukI 
medium between the fluid contact surface and the tissue treatmem dectrode k at least 

I S 1mm. 

21 An dectrosurgical instrument as daimed in one of daims 1 to 20. wherdn the 
remntdectn^e is in the form ofagenerallycyUndricdconduaive sleeve with an 

s«6ce ponion having a length and a diameter, the length of the exposed surftce pordon 
•>0 being at leas, as great as the diameter, and wherein, when the dectrode assembly » 
immersed in a conductive fluid medium, the ratio of (.) the shonest comtoction p«h 

.luougb the fluid medium between (be fluid comact «rface »»1 that part of the ussue 
a^memdeewxlewhidt is fiirthest from the fluid comaasurfece. to (ii) the diameter of 

the exposed surface portion ofthe return dectrode. bat most 4.5 to 1 

22 AndectrodeunitforandearosurgicalinsmmiemforihetreatmenioftissueinU- 

p«ence of an electrically-comiuctive fluid medwm. the decttode unit comprising a sfaaE 
having at one end mean, for eo««ctio« to an instnimem handpiece, and. mourned on the 

other end of the shaft, an dectrode asseBWycompri»i«».us«.e treatmem dectrod 

30 . return decthrfewhid. Is deetrically insulated from the tissue treatment dectrode by 

means of an insulation member, the tissue treatmem dectrode having an exposed end 
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extending laterally through a cul-out provided in the insulation member* and the return 
electrode having a fluid oomact surface which overlies the insulation member in the region 
of the cut-out. said fluid comact surface being spaced from the tissue treatment dearode 
m such a manner as to define, in use. a conductive fluid path that completes ah electrical 
5 circuit between the tissue treauneiix electrode and the return electrode. 

23. An eiearode unh for an dectrosurgicai instrument for the treaunem of tissue in the 
presence of an eleqtrically-conducthre fluid medhinu the electrode unit compristhg a shafk 
having at one end means for connection to an tnstnunent handpiece, and. mounted at the 

10 other end, an electrode assernbly comprismg a tissue treatment electrode and a return 
electrode winch is dectricaliy insulated from the tissue treatmem electrode by means of an 
insulation member, the tissue treaunem dectrode having an exposed end extending 
laterally through a cut*out provided in the insulation member, whcrdn the return dectrode 
has a distal end portion with a fluid conttct surface which overiies the insulation member 

15 iathe region of the cut-out and feces laterally in a first direction, and wherein the insulation 
member projects laterally outwardly between said dtsul end portion and the tissue 
treatmem electrode, the tissue treatment electrode focii^ laterally in a second dbection 
opposite to said first direction. 

20 24. Electrosurgical apparatus comprising a radio frequency generator and an 
dectrosurgicai instrument for the treatment of tissue in the presence of an dectrically- 
conductive fluid medhmi. the iiutniment comprising an mstrument shaft and an dectrode 
assembly at one end of.ihe shafl. the dectrode assembly comprising a tissue treaunent 
dectrode and a return dectrode which is dectricaliy msulated from the tissue treatment 

25 dectrode by means of an insulation inembcr, the tissue treatment dectrode having an 
escposed end extending laterally through a cut-M provided in the insid^^ 
distal end portion of the instrument, the renim dectrode having a fluid contact surface 
windi ovcrfies the insulation member in the region of the cut-out, and the radio firequcncy 
generator having a bipolar output conneaed to the electrodes, said fluid contact surface 

30 being spaced from the tissue treatment dectrode in such a manner as to define, in use. a 



FcncBfTinoi 



26 

conductive fluid path that complete, u. electrical circuit between the t.»ue tream^m 
electrode and the return electrode 

25 Electrosurgical apparatus comprising a radfo frequency senentor and an 
5 ele«ros«r8icalinstn.nK«forthetr.«inemofti«sueintteprese«ceofan^^ 

conductive fluid .radium. tl« i«stn««« compri^ 

««9bly at on. end of the shaft, the electrode assanbly comprising tis»e treaimem 
electrode »ui a return electrode which » electrically insulated ftom the tissue treatment 
electrode by means of an i«sul«ion member, the tissue treatmem dectrode havmg an 

,0 exposed end extending laterally through a cutout provided in the insul«ioo me«b«^ 
wherein the return electrode has a distal end portion with a fluid co«act surftce wtach 
overlie, the insulation member in the region of the cut-out and ftces laterally in a fir« 
direction, and wherein the insulation member projecu Uterally o«tw«dly between sani 
end ponionMuI the tissue treatn-nt dectrode. the t«««^ 

15 irteraBy in a second direction opposite to said fimdirectioa 

26 Apparaws as ctaimed in d«m 24 or claim 25. wherdn the radio fiequency 
generatorindudescomrolmeansfbrvaryinsthe output power ddh^ 

20 27 Appar«us..daimedindai«26.whereintheeo«rolme«»i.s»ch«top.ovide 
<«p«pow.rinfi,«andsecondoutput ranges, thefirstomputrangebeing for 

U«elearosunP«ainstn»««lbr«ssuedesicca.ion.andtbese^^^ 
powering the dectrosurgicalin^nimen. for tissue removal by cutti^^ 

25 2% App.ra.us.sdaimedindaim27.wher«nthefir«outpuiran8eisftc«about 
,40 volu to 200 volu. and the second output range i» from about 250 vol« .0600 volt.. 

the voltages being peak voltages 

29 App«atu...claimed«clai«26ordaim27.wher«intbeco«rol«eansiss«^ 
30 ..to.lt«n«e.heoutputpow.rbetwee„6rs.andsecondpowe..in.hefirst«.ds«^ 

output ranges. 
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30. Apparatus as claimed in cUum 26 or claim 27. whcran the control means is such 
as lo pulse the output power at a power within the second output range. 
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CLAIMS 



I. An dcctrosurpcal instniment for the treatment of tissue in the presence of an 
deetrically-conduciive Ouid medium, the instmmem comprising an instrument shaft, and 
5 Ml electrode assembly at oiw end ofthe shaft the eleciriide assembly eoinprising a tissue 

treatmem electrode and a r«um electrode which is electrically insulated firon the tissue 
treatment elcarode by means of an insulation member, the tissue treatment electrode 
having an exposed end extendmg laterally through a cutout provided in the msulari^ 

member at the (fistal end portion of the instiwneia. and the return dectrode having a fhiid 
10 cortaa surface v«*id> overlies the insulation men*er in the regie 

contact surface bong spaced from the tissue treatmem dectrode in sudi a manner as to 
define, in use. a conducive nuid path that completes an dearical circuit between the tissue 

treatment dectrode and the return dectrode. 

15 2. An electrosurgicalinstniiittm fer the ueatmem of tissue in the presence of an 
deciricalW-conduetivc ftiid inedhmi. the insttinnem compriOTg an in^^ 
an dectrode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment electrode and a return eiearode which is electrically insulated from the tissue 
treatmem dectrode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extemling laterally through a cut-out provided in the insulation 
member, whetrin the return electrode has a distal eml ponion wiUi a fluid comaa sutftce 
whidt overlies the insulation member in the region of the cut-om and ftces laterally m a 
fiijt direction, and wherdn the insulaikm member projectt lateral 
<fistal end portion and the tissue treatmem electrode, the tissue treatmem dectrode facing 

25 hietaMy in a second direction oppoate to said first direction. 

3. An dectrosut^calinsmjmem as daimedm claim 1 or cWm 2. wherrin the exposed 

end of the tissue treatmem dectrode is coastiiiited by a phiraliiy of tissue contact 
filainentaiy roetnbeis matte of an dectiically^ondusiive maieriA the filan^ 
30 brii« electrically connected to a common dectiieal supply conductor. 
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